ABSTRACT Late potentials can be recorded noninvasively with the averaging technique in about one-third of patients with coronary heart disease in whom ventricular tachyarrhythmias have not been previously documented. The prognostic significance of these findings has not yet been established. Therefore, the presence or absence of late potentials was correlated to the results of programmed ventricular stimulation (single and double premature stimuli during sinus rhythm and a paced ventricular rhythm, cycle lengths 500, 430, 370, and 330 msec) in 110 male patients (age 52 + 5.9 years, mean SD). 
IT HAS RECENTLY become possible to record electrical activity originating from abnormally conducting myocardium from the body surface with high-gain amplification and the averaging technique.1 16 These signals, which result from delayed ventricular activation (late potentials), have been recorded in patients with documented ventricular tachycardia. In a pilot study in postmyocardial infarction patients, we were able to show that the presence of late potentials predicted subsequent occurrence of ventricular tachycardia. 5 However, late potentials can also be recorded in about one-third of patients without previously documented ventricular tachycardia, especially those with left ventricular akinesia or dyskinesia.'3 The significance of these findings with respect to predicting the development of ventricular tachycardia has not yet been established.
The purpose of this study was to correlate the presence of late potentials to the results of programmed ventricular stimulation in a group of patients in whom ventricular tachycardia has not been previously documented to get more insight into the mechanisms and potential prognostic value of late potentials in these patients. BREITHARDT et al. nature of the study and had given written informed consent and the study protocol was approved by the Ethical Committee of the Medical Faculty of the University of Dusseldorf. Coronary and biplane left ventricular angiograms were recorded when all patients had been off any cardioactive drugs for at least four to five half-lives. All patients were referred to our hospital for coronary angiography to establish or exclude the diagnosis of coronary artery disease. Patients with a history of symptomatic sustained ventricular tachycardia or syncope were excluded as were patients with unstable angina pectoris that was not responding to drug therapy. Because of transient limitations in time, during part of the study only male patients born on an oddnumbered year were included. Otherwise participants were consecutive patients meeting the entrance criteria. Participation in the invasive study was refused by less than 10% of all patients eligible.
On the basis of the angiographic study, patients were classified as either normal or as having coronary artery disease with or without left ventricular contraction abnormalities. Late potentials were visually identified in the high-gain averaged recordings as low-amplitude activity appearing at the end of the QRS complex (figure 1). At a high amplification, it is often difficult to define the exact end of the QRS complex. Moreover, late potentials frequently constitute the terminal portion of the QRS complex from which they continuously emerge.9 17 Therefore, in contrast to our previous report,4 5 no attempt was made to time the given late potential relative to the QRS complex in the standard surface electrocardiogram. Instead, only the presence and duration of a late potential were noted. If a low-amplitude signal was identified visually at the end of the high-gain QRS complex, the first step in measurement of the duration of the late potential was to define its end. The level of baseline noise late in the ST segment was used as a reference signal. The transition between a late potential and the level of baseline noise was made at the point in time at which the low-amplitude signal exceeded three times the level of baseline noise. The onset of the late potential was then identified visually by recognizing an isoelectric section between the QRS complex and the late potential. In the more frequent situations in which the late potential continuously merged with the QRS signal, the onset of the late potential was defined as the point at which the signal amplitude markedly exceeded the midportion and terminal portion of the late potential. The duration of a given late potential was measured between the onset and the end of the signal, as defined above. The minimum required duration of a late potential was 10 msec.
The electrophysiologic studies were performed within 24 hr before or after averaging. All patients were in the postabsorptive and nonsedated state and all antiarrhythmic drugs had been withheld for at least four to five half-lives.
One No. 4F (Cordis) bipolar electrode catheter (interelectrode distance 10 mm) was inserted percutaneously and positioned in the right ventricle under fluoroscopy. All signals were recorded simultaneously on an eight-channel ink-writing recorder (modified Mingograph, Siemens-Elema), care being taken to ensure appropriate isolation and grounding. Besides the intracardiac signal, leads I, II, and V1 were recorded. Programmed ventricular stimulation was performed with the Conduction System Analyzer (Medtronic, 5325). The stimuli were 1.8 msec in duration and twice diastolic threshold (always less than 2 mA).
The stimulation protocol included the introduction of single and double ventricular extrastimuli during sinus rhythm and paced ventricular rhythms at rates of 120, 140, 160, and 180 beats/min. After every eighth beat one premature stimulus was introduced at the beginning in late diastole and then progressively earlier until ventricular refractoriness was reached. There was no essential difference in the mean ages of these various subgroups.
The proportion of patients with late potentials in the group with hypokinetic left ventricles without coronary artery disease (dilative cardiomyopathy) (44%) and the proportions in groups with one-vessel (48%), two-vessel (40%), and three-vessel (42%) disease did not differ substantially. However, more of those with three-vessel disease (25%) had late potentials greater In patients in whom 4 or more echo beats were induced the rate (mean ± SD) of the induced responses decreased from 267 ± 33 beats/min in those without late potentials to 258 ± 37 beats/min in those with late potentials of less than 20 msec and further to 254 ± 54.5 beats/min in those with late potentials of 20 and 39 msec and to 242 ± 37.6 beats/min in those with late potentials of 40 msec or more. These differences were not significant by analysis of variance, however.
Discussion
Previous studies have demonstrated that late potentials, recorded noninvasively with high-gain amplification, band-pass filtering, and signal averaging techniques, can be identified in a high percentage of patients with documented ventricular tachycardia, especially those with underlying left ventricular akinesia or aneurysm.A-6 The close correlation between the detection of late potentials and the propensity to ventricular tachycardia suggests that they reflect regional slow ventricular activation, mainly in the border zone of old myocardial infarctions.'7-24 Recent studies using epi- The loss of the ability to initiate ventricular tachycardia after successful surgery for ventricular tachycardia corresponds to the abolition or decrease in duration of late potentials after surgery. 12 The results of a prospective pilot study in 160 patients who had had recent myocardial infarctions suggest a possible value of these potentials for the identification of those patients prone to sudden death or ventricular tachycardia. 15 Apart from these studies in patients with either documented ventricular tachycardia or after recent myocardial infarction, another group of patients without documented ventricular tachycardia or syncope has been identified in whom late potentials are detectable.'3 Seventeen of 104 patients (16.3%) without and 32 of 69 patients (46.4%) with left ventricular akinesia or aneurysms had late potentials of varying duration.'3 Because late potentials can be detected in about 80% of patients with documented ventricular tachycardia, 5' 27 one might also expect late potentials to be a predictor of ventricular tachyarrhythmia in those without previously documented episodes. However, since the former studies were done retrospectively, the true prognostic significance of late potentials in those patients apparently free of ventricular tachyarrhythmias up to the time of the study remains obscure. Whether they indeed indicate an increased susceptibility to serious ventricular arrhythmias remains to be established by long-term follow-up of these patients. Therefore, this study was undertaken to get an idea of the pathophysiologic significance of late potentials in these patients. The presence or absence of late potentials recorded from the body surface was correlated to the results of programmed ventricular stimulation, which was used as an estimate of ventricular vulnerability.
During recent years, programmed ventricular stimulation has been used to reproducibly initiate ventricular tachycardia in patients with previously observed episodes. 28 34 The underlying mechanism of these inducible arrhythmias is generally believed to be reentry. The prerequisites for the genesis of reentry are unidirectional block, slow conduction, and recovery of excitability of the tissue ahead of the wavefront of excitation. 35 (table 2) .
It should be kept in mind that, due to the protocol, the initiation of 4 or more consecutive echo beats was considered to be an end point for stimulation. This was to avoid unnecessary countershocks in this population of patients that had been asymptomatic with regard to ventricular tachyarrhythmias. If the stimulation procedure had been continued, there might well have been a greater incidence of ventricular tachycardia in those patients in whom 4 to 9 ventricular echo beats were induced.
Noninvasively recorded late potentials are longer in those patients with than in those without ventricular tachycardia. ' 
